CFRP ( c a r b o n f i b r e r e i n f o r c e d p l a s t i c ) h a s been s t u d i e d a t h i g h s t r a i n r a t e s of a b o u t 300/s u s i n g t h e !:olsky t o r s i o n machine.
The s h e a r s t r e s s -s t r a i n c u r v e s a t high s t r a i n r a t e s e x h i b i t f l o w o f m a t e r i a l a t c o n s t a n t s h e a r s t r e s s e s f o r s t r a i n s exceed i n g 3-5% and 57% f o r GFRP and CFRP r e s p e c t i v e l y . The f l o w s t r e s s f o r each m a t e r i a l i s o n l y . m a g i n a l l y h i g h e r o v e r t h e s t r e n g t h of q u a s i s t a t i c a l l y loaded specimen.
-INTRODUCTION F i b r e composite m a t e r i a l s a r e known t o be weak under s h e a r loads. Study of t h e in-plane s h e a r s t r e s s -s t r a i n b e h a v i o u r a t q u a s i s t a t i c deformation h a s been s t u d i e d w e l l and s e v e r a l d i f f e r e n t t e s t i n g methods have been developed /1,2/.
However, i n v e s t i g a t i o n on t h e shear behaviour a t high s t r a i n r a t e s i s s c a n t y . Vlerner and Dharan/3/ employed a l<olsky p r e s s u r e b a r machine t o a p p l y i n t e r l a m i n a r and t r a n s v e r s e s h e a r a t high s t r a i n r a t e s r a n g i n g from 6000 t o 18000/s. They found t h a t s t r a i n r a t e e f f e c t i n i n t e r l a m i n a r s h e a r i s s m a l l but i s s i g n i f i c a n t i n t r a n s v e r s e s h e a r . However, pure s h e a r l o a d was not a p p l i e d d i r e c t l y on specimens, I n t h i s i n v e s t i g a t i o n we r e p o r t t h e dynamic s h e a r behaviour o f u n i d i r e c t i o n a l g l a s s f i b r e r e i n f o r c e d p l a s t i c and c a r b o n f i b r e r e i n f o r c e d p l a s t i c determined by a t o r s i o n machine based on t h e Kolsky p r i n c i p l e ( s p l i t Hopkinson b a r ) .
The r e s u l t s a r e compared with t h o s e of t h e epoxy o b t a i n e d under dynamic c o n d i t i o n s .
-EXPERIhENTAL DETAILS
2.1 Kolsky T o r s i o n iAachine I n t h e Kolsky t o r s i o n nachine/4/ ( s p l i t Hopkinson b a r ) a s h o r t C y l i n d r i c a l specimen i s bonded between two long-elastic-round b a r s known a s i n c i d e n t and t r a n s m i t t e d bars.
I n o u r s t u d y both t h e b a r s were made from aluminium a l l o y .
The i n c i d e n t and t r a n s m i t t e d b a r s a r e 25 mm i n d i a m e t e r and 2170 mm and 2120 m long r e s p e c t i v e l y .
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A mechanism f o r g e n e r a t i n g a f a s t r i s e t i m e t o r s i o n a l p u l s e i s made a t t h e nonspecimen end of t h e i n c i d e n t bar. A s t a t i c t o r q u e i s s t o r e d i n a p o r t i o n of t n e i n c i d e n t b a r w i t h t h e h e l p o f a l a r g e p u l l e y a t t a c h e d a t t h e end and a clamp a t a b o u t 600 rnm from t h e p u l l e y .
I n o r d e r t o produce a t o r s i o n a l p u l s e , t h e clamp i s opened q u i c k l y .
The magnitude o f t h e p u l s e depends upon t h e magnitude of t h e s t o r e d t o r q u e and t h e l e n g t h of t h e p u l s e i s t w i c e t h e time t a k e n by a s h e a r wave t o t r a v e r s e between t h e clamp and t h e p u l l e y .
When t h e i n c i d e n t p u l s e r e a c h e s t h e specimen, p a r t of i t i s r e f l e c t e d back i n t o t h e i n c i d e n t b a r and t h e r e s t i s passed t o t h e t r a n s m i t t e d bar,
The i n c i d e n t and r e f l e c t e d p u l s e s a r e r e c o r d e d t h r o u g h a p a i r of r o s e t t e s t r a i n guages bonded t o t h e i n c i d e n t bar.
S i m i l a r l y t h e t r a n s m i t t e d p u l s e i s monitored by a p a i r of r o s e t t e s t r a i n guages bonded t o t h e t r a n s m i t t e d bar.
These t h r e e p u l s e s a r e monitored NO. . riment.
It may be n o t e d t h a t t h e r e f l e c t e d p u l s e r e p r e s e n t s t h e s t r a i n r a t e and t h e t r a n s m i t t e d p u l s e p r o v i d e s t h e s t r e s s i n t h e specimen.
Our e x p e r i m e n t a l set-up i s s i m i l a r t o one r e p o r t e d by H a r l e y e t a1/5/.
M a t e r i a l F a b r i c a t i o n and Specimen P r e p a r a t i o n
A t y p i c a l specimen ( Fig. 2 ) i s a t h i n t u b e of a b o u t 1 2 mm mean d i a m e t e r , 0.75 mm t h i c k n e s s and about 3 mrn l e n g t h h e l d between two f l a n g e s of 22 mm d i a m e t e r . The f l a n g e s and t h e specimen a r e made a s a n i n t e g r a l u n i t from one p i e c e . The f l a t f a c e s of t h e f l a n g e s a r e bonded t o t h e i n c i d e n t and t r a n s m i t t e d b a r s .
The specimen were machined from 22 mm t h i c k p l a t~s of u n i d i r e c t i o n a l f i b r e composites keeping f i b r e s p a r a l l e l t o t h e a x i s of t h e specimen. The 22 mrn t h i c k p l a t e s were c a s t i n t h e l a b o r a t o r by a f i l a m e n t winding o v e r a f l a t mandrel u s i n g E -g l a s s -f i b r e YFGP, I n d i a ) and epoxy r e s i n ( k r a l d i t e CY230 of C I B A , I n d i a ) f o r GFRP. S i m i l a r l y CFRP p l a t e s were p r e p a r e d from carbon f i b r e s ( G r a f i l E/A-S, C o u r t a u l d s Ltd., England) and t h e epoxy.
To s u p p r e s s v o i d s both p l a t e s o f a mandrel a r e p r e s s e d f o r a day between two s t i f f s t e e l p l a t e s immediately a f t e r t h e v i n d i n g o p e r a t i o n .
The f i b r e volume f r a c t i o n of G F R D and
CFRP a r e 44% and 30A r e s p e c t i v e l y . S i x e x p e r i m e n t s were c o n d u c t e d on u n i a x i a l g l a s s f i b r e r e i n f o r c e d epoxy t o d e t e r m i n e t r a n s v e r s e s h e a r p r o p e r t i e s . The specimen were machined t o h a v e t h e i r a x e s p a r a l l e l t o g l a s s f i b r e s t o o b t a i n inp l a n e s h e a r s t r e s s -s t r a i n p r o p e r t i e s . A l l t h e s i x e x p e r i m e n t s a r e l i s t e d i n T a b l e 1. F i g . 3 shows t h e r e s u l t i n g dynamic s t r e s s -s t r a i n c u r v e f o r t h e e x p e r i m e n t s , I t i s c l e a r from t h e f i g u r e t h a t v a r i at i o n i n s t r a i n r a t e ( f r a n 2 7 0 / s t o 420/s ) d o e s n o t p r o v i d e a s y s t e m a t i c v a r i a t i o n i n s t r e s s -s t r a i n r e s u l t s .
T h e r e f o r e t h e s e e x p e r i m e n t s may b e c o n s i d e r e d t o deform a t a n a v , -r a g e s t r a i n r a t e of 3W/s . 
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The dynamic s t r e s s -s t r a i n c u r v e r a r e compared w i t h q u a s i s t a t i c r e s u l t s o b t a i n e d on a n I n s t r o n machine. T h r e e specimen a r e t e s t e d a t q u a s is t a t i c r a t e s t h r o u g h a s t a n d a r d t o r q u e f i x t u r e . d l 1 t h e specimen f a i l e d a t s t r a i n s of a b o u t 0.1.
On t h e c o n t r a r y dynarnic specirnensdid 
Fig. 3 -Dynamic and q u a s i s t a t i c s h e a r s t r e s s -s $ r a i n c u r v e s o f u n i a x i a l GFRP a t v a r i o u s s t r a i n r a t e s y. n o t f a i l a t t h i s s t r a i n . They c o u l d n o t be l o a d e d t o h i g h e r s t r a i n s due t o t h e l i m i t a t i o n s of o u r Kolsky t o r s i o n machine. Another d i f f er e n c e i s i n t h e n a t u r e o f s t r e s s -s t r a i n curves. Compared t o q u a s i st a t i c t e s t s dynamic s t r e s s -s t r a i n c u r v e s e x h i b i t h i g h e r s t i f f n e s s u p t o t h e s t r a i n of 0.03 t o 0.05.
A t h i g h e r s t r a i n s dynamic c u r v e s show f l o w of m a t e r i a l a t c o n s t a n t s t r e s s e s which is q u i t e d i f f e r e n t from t h e q u a s i s t a t i c b e h a v i o u where s t r e s s i n c r e a s e s w i t h s t r a i n g r a d u a l l y and c o n t i n u o u s l y till t h e specimen f a i l s .
The a v e r a g e f l o w s t r e s s of dynamic c u r v e i s a b o u t 10/ h i g h e r o v e r t h e q u a s i s t a t i c s t r e n g t h .
Dynamic Behaviour of Epoxy
To compare t h e dynamic c u r v e s of u n i a x i a l FRP w i t h dynamic s h e a r s t r e s s -s t r a i n c u r v e s of epoxy, t e s t s were conducted on t h e Kolsky t o r s i o n machine f o r epoxy specimen.
The d e t a i l s of t h e t h r e e e x p e r iments a r e l i s t e d i n Table 2 . S t r e s s -s t r a i n c u r v e s of t h e s e e x p e r iments a r e shown i n Fig.4 .
Two o f t h e t h r e e specimen f a i l e d a t a b o u t 10% s h e a r s t r a i n and t h e t h i r d specimen c o u l d n o t be s t r a i n e d t o f a i l u r e . Unlike GFRP m a t e r i a l s s t r e s s i n epoxy specimens i n c r e a s e s w i t h s t r a i n o v e r t h e e n t i r e r a n g e of s t r a i n .
I n o t h e r words, epoxy specimen do n o t e x h i b i t f l o w of m a t e r i a l a t c o n s t a n t s t r e s s e s a t h i g h s t r a i n r a t e s .
Furthermore, e f f e c t of g l a s s f i b p e r e i n f o r c e m e n t i s q u i t e c l e a r from t h e f i g u r e .
The flow s t r e s s of dynamic s t r e s ss t r a i n c u r v e s of u n i a x i a l GFRP i s a b o u t 40./! more o v e r t h e dynamic s t r e n g t h of epoxy. S i x experiments whose d e t a i l s a r e l i s t e d i n Table 3 were conducted on u n i a x i a l carbon r e i n f o r c e d epoxy. Specimen a r e machined t o have t h e i r a x e s p a r a l l e l t o t h e f i b r e s . Fig. 5 shows t h e e x p e r i m e n t a l l y o b t a i n e d dynamic s t r e s s -s t r a i n c u r v e s f o r a l l t h e s i x specimen a l o n g with q u a s i s t a t i c c u r v e s . Like GFRP c a s e s t h e CFRP specimen a l s o e x h i b i t f l o w of s t r e s s a t c o n s t a n t s t r e s s e s which b e g i n s a t t h e s t r a i n s r a n g i n g between 0.5 and 0.7.
The CFRP specimen d i d n o t f a i l a t t h e maximum c a p a c i t y of our t o r s i o n machine.
I n c a s e o f two specimen deformed a t s t r a i n r a t e s of 150/s and 335/s t h e bond between t h e specimen and t h e 1:olsky b a r s f a i l e d d u r i n g t h e experiments and t h e r e f o r e s t r e s s -s t r a i n s c u r v e s were n o t o b t a i n e d f o r h i g h s t r a i n s . Cornparision of dynamic CFRP s t r e s s -s t r a i n c u r v e s w i t h q u a s i s t a t i c r e s u l t s , shows t h a t t h e flow s t r e s s a t a v e r a g e dyamic S t r a i n r a t e of 280/s i s about 28/ h i g h e r o v e r q u a s i s t a t i c s t r e n g t h .
C3-102
JOURNAL DE PHYSIQUE F u r t h e r , it i s n o t e d t h a t when s t r a i n r a t e i s i n c r e a s e d from quasis t a t i c t o h i g h v a l u e s of a b o u t 300/s changes i n t h e behaviour of GFRP and CFRP a r e s i m i l a r i n n a t u r e . Dynamic s h e a r b e h a v i o u r s of CFRP and epoxy a r e shown i n Fig. 6 . It shows t h e e f f e c t o f c a r b o n f i b r e r e i n f o r c e m e n t on t h e epoxy. The a v e r a g e f l o w s t r e s s of CFRP specimen i s a b o u t 30g h i g h e r o v e r t h e s t r e n g t h of epoxy.
- U n i a x i a l GFRP and CFRP specimen a r e t e s t e d a t high r a t e s o f a b o u t 300/s . The dynamic in-plane s h e a r s t r e s s -s t r a i n c u r v e s show f l o w of m a t e r i a l a t c o n s t a n t s h e a r s t r e s s e s f o r s t r a i n s exceeding 3-5/ and 5-7% f o r GFRP and CFRP r e s p e c t i v e l y . Under dynamic l o a d i n g t h e specimen d i d n o t f a i l u p t o 10/ s h e a r s t r a i n .
The f l o w s h e a r s t r e s s of each m a t e r i a l i s o n l y m a r g i n a l l y h i g h e r over t h e s t r e n g t h of q u a s i s t a t i c a l l y loaded specimen.
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